Over hundreds of years in worldwide, many of damages and fatalities caused by lightning have been reported with severed had injured in a short or long term effect. This work aims to model and analyse the different aspects of lightning mechanism in relation to the current and voltage distributions across the human body. The works have been carried using the electromagnetic transient program via transient modelling approach and the model is based on the wellpublished IEC standard. Results showed the variations in results of current and voltage distributions across the human vital parts under different injury mechanisms and different physical aspects of the victim.
INTRODUCTION
Lightning causes severe damages to the equipment and properties worldwide. In Unites States for instance, lightning contributes for about 32 % of fatalities from 1974 until 2003 [1] . In 2007, 45 people were struck and killed by lightning while hundreds of others were injured. Whilst record in 2008 showed that 27 people died due to lightning strikes.
Lightning can produce voltage more than 100 MV during the storm weather with the duration of the lightning to discharge is approximate an about 0.02 s and related to several 100 000 A [2] .
Lightning can travel many kilometres. During the event of lightning, a person should avoid from touching some metal object or seeking a safer location because, the most dangerous time is during the beginning and the end of a storm. Individuals have to seek for a shelter if seeing lightning (flash) and hearing thunder at a time less than 30 s. This warning is call the "30-30" rule [3] .
GENERAL OVERVIEW

Lightning injury around Malaysia
According V Cooray, equator is higher location for lightning flash, and becomes lessen when the rising latitude it [4] . Located at Equator, Malaysia which separated by South China Sea; peninsular Malaysia and Sabah Sarawak, is tropical climate receive annual rainfall varies from 2000mm to 2500mm [5] .
Malaysia is one of among higher ranking for lightning injury in Asia. [8] .
Most of the reported cases occurred outside the shelter. Case studied by Murty showed that the victim had severe injuries to his face, neck, trunk and found exit wound in the left foot. He added, the lightning current had passed through left lower limb and resulted in bursting of his left foot. The shoes were also torn [9] .
Lightning injury mechanism
Lightning injury can cause by several ways i.e. direct strike, contact potential, Earth Potential Rise (EPR), side splash and upward streamer. Fig. 3 shows mechanisms of lightning injury and its percentage of contribution. Earth Potential Rise (EPR) occurs when the lightning hits to the ground or to the grounded object where the current will give rise and cause the potential difference between the two legs. This situation is always referred as the indirect strike to the nearby object or the ground. Among the lightning injury mechanisms, EPR is believed to contribute around 40 to 50% towards the injury and reported as half of cases. This is followed by side splash which is reported to be around 20 to 30%. It occurs when a person is standing nearby the struck object such as a tree or a pole. Side splash also can occur from one person to another.
The third mechanism is the contact voltage which is about 15 to 25%. Contact voltage occurs when a person touches the metallic object which is either hit by lightning or attached to something that has been hit by lightning at a distance such as piping, corded electrical appliances and telephone cable.
In the case of upward/downward streamer, injury may occur to victim which serves as the path for one of the usually multiple upward leaders induced by a downward stepped leader. This mechanism has been mentioned by many engineering and physicist lightning experts in their published article.
Lightning injury due to direct strike are rare with the estimated frequency of about 3 to 5%. However, it is the most severe accident and can cause sudden death to the victim. It is most likely to occur in the open space when the lightning is directly hit the victim while touching or holding a metal object such as golf stick and commonly causes death after severe injury [2, 10, 11, 12, 13, 14] .
Figs. 4 to 7 illustrate some of the mechanisms of lightning injury. 
Human body and the body properties
Human body can be represented as an electrical circuit. Resistance in the human body, which allows current to flow, depends on the moisture content, temperature and physical properties. Human body has two impedances; skin impedance and internal impedance. The internal body has low resistance comparing to skin impedance. Heart has great potential to be affected should current flows through it [16] .
The human body impedance is a combination of two components; resistance and capacitance. Under dry conditions, skin resistance is 100 to300 kΩ/cm2 and 1% for wet conditions. Impedance of skin varies with voltage and frequency. The value of impedance decreases with increasing of the current flow. Besides, it also depends on the surface area of contact, pressure of contact, degree of moisture of the skin and temperature [17] . Fig. 8 Impedances of the human body, Zi internal impedance, Zs 1 and Zs 2 impedance of the skin, Z T total impedance [17] .
NUMERICAL MODELLING OF HUMAN BODY
In this work, a human model as illustrated in Fig. 9 , is chosen with some important parameters have been taken into account such as the inclusion of earthing resistance, shoe's electrical model, as well as additional inductor that placed along the torso. Simulation carried out by Roman et al estimated the foot earth resistance to be 230Ω. This earthing resistance used to represent the area of human foot that touches the earth surface. Whilst shoe's electrical model is added in series with the earthing resistance [18] .
A current impulse of 16 kA, 1/10 us waveshape is used in this work, which is based on the actual recorded lightning data in [18] . The height of 1.5 m was selected as to take into account the average height of Malaysian women and average height of Malaysian man, value of 1.7 m was selected. Five points of interests (POI) are chosen as point of measurements i.e. head, chest, arm, palm, leg and foot for four lightning mechanism; EPR, side splash, contact voltage and direct strike. Whilst the height of 1.5 m and 1.7 m is used to represent female and male heights, respectively.
During the modelling stage, many factors have to be taken into account to ensure the work is illustrated as close as possible with the reality. For contact voltage mechanism, the tall structure of 15 m is designed and used as a struck object. Meanwhile for side splash, a gap of 1 m is assumed as a distance between the object and the person. Whilst for the EPR, the current is injected at the foot. Table I and II shows the tabulated data for the height of 1.5 m and 1.7 m; with assume injected current nonstandard lightning current impulse 16 kA, 1/10 us. In case of direct strike, lightning is expected to strike at the tallest point of an object i.e. the human head in this case is expected to be the target. The current is expected to flow down to the chest; then divided into two paths; the arm and palm paths and further down to the torso, leg and foot path. This is due to tendency of the current to flow towards the ground. Frequently, victims are found with entry wound on head or shoulder or small deep holes on the feet or shoes [2] . According to Fish et al, a current of 20 mA could be fatal [19] . In this case, head and chest have a big impact with the current and voltage values of 0.70 A and 2.91 MV, respectively for both heights.
RESULTS AND DISCUSION
Whilst in case of EPR, the leg and foot is expected to at least suffer from painful shock which in turn cause severe muscular contraction. This is based on the comparison between the obtained value and the published data by the National Association of Corrosion Engineers (NACE). As a result, the victim could not be able to move their leg and foot from the source of current. In contrast, other parts of the body seem do not record any significant range of current. This may be due to the fact that current tends to flow towards the grounded path. Referring to Tables I and II, the values of currents at foot are ranging from 0.25 A to 0.30A for height of 1.5 m and 1.7 m, respectively. Frequently, the pathway of current is not exceeded to heart and victim often temporarily paralysed from the waist down [17] .
Taking the case of contact voltage mechanism, for palm and arm, the recorded currents are 3.47 µA to 3.91 µA for height 1.5 m and 1.7 m, respectively. In this case, when the hand touches the object which was hit by lightning, the current passes to the body via the arm and then to the chest. Thus, the risk of being fatal is very low. In contrast, if the current goes through the heart muscle continuously, the heart and blood circulation stop functioning which can result in death [20, 14] . current may flow through the chest and spread along the body. A case studied by Murthy in Malaysia showed that a victim had severe injuries on his face, neck and trunk areas [9] . Most of the cases are due to the flash, which often result in some burns on the skin. Results show that both heights of 1.5 m and 1.7 m, the recorded currents were 3.73 nA and 4.47 nA, respectively. While there are no current flows through to head, results show that a current decreases at the leg, foot and arm. Should the current over to 18 mA recorded, a person will stop breathing due to stimulation of chest muscles [19] . Frequently, a person which struck by side splash is survived.
CONCLUSION
Lightning continues to be one of the leading causes of weather fatalities. Many cases of lightning incidents were recorded around the globe. Yet there still more cases were left unreported due to some factors such as survived victim did not seek for medical help, lack of evidence to prove the incident and many more. This paper has presented in details on the mechanisms of injury and the way of representing them in the transient software such as PSCAD/EMTDC which is a great advantage in exploring the analysis from the aspect of engineering and physic. Results are found to be useful in giving crucial information related to different types of lightning injuries and its relation to different physical aspects of the victim.
